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Introduction
Slips and falls are common in the elderly and visual
impairment is an important risk factor for falls [1]. Falls
involving stairs and steps are the leading cause of acci-
dental death [2,3]. Risk of injury associated with descent
is significantly higher than stair ascent [4]. Blurred vision
reportedly causes difficulty in edge discrimination and
distinguishing horizontal from vertical surfaces during
stair descent [5,6]. During stepping down, the trailing leg
of healthy, elderly subjects was found to support more
bodyweight when vision was blurred compared to when
vision was unimpaired [7]. The authors suggest that when
vision is blurred, elderly individuals make several adap-
tations when stepping down, which include “increased
step execution time”, maintenance of “more weight on
the supporting contralateral limb” and “increased ankle
plantarflexion angle at contact”. These adaptations form
a possible means of increasing kinaesthetic information
to compensate for incomplete or unreliable visual input.
Altered mechanics of landing when stepping down
might result in a change in energy expenditure.
Hortobagyi and DeVita suggest that older adults adopt 
a safety-driven mechanism of “increasing limb stiffness”
when stepping down [8,9]. Increased muscle work 
implies increased oxygen cost. There is only one report
which compares oxygen cost during walking in children,
with and without visual impairment, and it showed that
visual disability had no effect on energy expenditure [10].
While changes in oxygen consumption during walking
may have few implications for a healthy population, a
small increase in oxygen consumption in the elderly
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with compromised cardiorespiratory function could be
significant.
In order to first address the question of whether
impaired vision influences oxygen consumption during
stair descent, this report describes a pilot study in an
attempt to determine the effect, if any, of impaired vision
on oxygen consumption during stair ascent and descent
in healthy subjects.
Methods
The study was approved by the human ethics commit-
tee of The Hong Kong Polytechnic University.
Subjects
Students at The Hong Kong Polytechnic University were
invited to participate in the study. Invitation was through
friends of the investigators. The exclusion criteria for
this study included known cardiopulmonary disease or
lower extremity orthopaedic dysfunction that impedes
the function of stair climbing. The details of the study
were explained to all subjects and signed consent was
obtained prior to the commencement of data collection.
Experimental design
All subjects were required to complete a personal data
questionnaire and describe any cardiopulmonary or mus-
culoskeletal dysfunction. Subjects free of any cardiopul-
monary or musculoskeletal dysfunction were then asked,
on 4 separate days (at least 1 day apart) and in randomi-
zed order (by drawing lots), to walk up eight flights of
stairs (FOS) with natural vision (with or without contact
lenses as required); walk up eight FOS wearing a pair of
goggles designed to induce visual impairment; walk down
eight FOS with natural vision; and walk down eight FOS
wearing the visual impairment goggles.
Preparation of subjects
Prior to stair ascent or descent, each subject attended the
optometry clinic at Hong Kong Polytechnic University for
measurement of visual acuity with and without the visual
impairment goggles, made from adjustable translucent
plastic slides. The visual acuity was reduced by nearly
50% with the goggles (Table 1).
Two days prior to data collection, subjects were also
asked to walk up and down two FOS to find a brisk,
rhythmic and constant speed that they felt comfortable
with, and were then asked to adopt a similar speed dur-
ing the actual data collection period.
Data collection procedures
Each subject wore a Polar chest belt for heart rate moni-
toring and a facial mask attached to a portable open 
circuit spirometer (K4b2, Cosmed, Italy) for oxygen
consumption measurement during the stair ascent and
descent. Before each stair ascent or descent cycle, subjects
adopted the back supported sitting position for 15 min-
utes during measurement of baseline variables. Subjects
were then asked to walk up (or down) eight FOS at the
previously determined pace. They were allowed to take
only alternate step at a time and put their hand on the
side-railing for support throughout the climb (or descent).
An investigator accompanied each subject on his or her
climb to ensure both compliance and safety. The tem-
perature and humidity of the stair environment for each
trial were recorded. The total time required to complete
all eight FOS (either ascent or descent) was recorded.
The eight FOS used in this study consisted of 217 steps
with each step measuring 15 cm in height; amounting to
a total vertical displacement of 32.55 m. Each flight of
stairs had 26 steps, except for the third flight ascending
(or sixth flight descending), which had 35 steps.
Measurement tools
The reliability of the K4b2 system has previously been
validated [11]. The system comprises an analyzer unit,
a battery pack and a facial mask. The system weighs
approximately 800 g and is strapped onto a harness that
the subject wears over his or her attire. The K4b2 ana-
lyzer unit was calibrated according to the manufac-
turer’s instructions before each test. Data were recorded
breath by breath for analysis.
Statistical analyses
Visual acuity for each subject with and without the gog-
gles was compared using the paired t test. Paired t test
was used for comparison of oxygen consumption (VO2),
respiratory rate, tidal volume and heart rate, between
at rest and after ascent or descent of the eight FOS.
Table 1. Mean vision acuity (LogMAR) of subjects with normal and impaired vision (wearing goggles)*
Normal Impaired
Mean difference
95% CI p
(impaired – normal)
Right eye 0.15 ± 0.34 1.41 ± 0.14 1.27 ± 0.29 1.05, 1.48 0.000
Left eye 0.10 ± 0.28 1.29 ± 0.12 1.19 ± 0.25 1.012, 1.37 0.000
Both eyes –0.002 ± 0.23 1.19 ± 0.13 1.19 ± 0.24 1.02, 1.37 0.000
*Data are presented as mean ± standard deviation.
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One-way repeated ANOVA was used to see the change in
parameters at each FOS with normal or goggle-impaired
vision. The heart rate was also expressed as a percentage
of the subject’s predicted maximal heart rate (using the
formula 220–age [12]). The level of significance was set
at 0.05. SPSS version 11.0 (SPSS Inc., Chicago, IL, USA)
for Windows was used for all statistical analyses.
Results
Ten subjects (5 male, 5 female) were recruited for the
study. The subject’s baseline demographic data are dis-
played in Table 2. The mean temperature and humidity of
the stair environment was 24.5°C and 50%, respectively.
Any difference in the physical environment between
trials was less than 4%.
This study showed that irrespective of visual acuity,
VO2 rose steeply while ascending the first three FOS
and then levelled off (Figure 1). As expected, the mean
VO2 was higher during stair ascent (20.7±3.9mL/kg/min;
95% confidence interval [CI] 18.9, 22.6) compared to
stair descent (9.99 ± 2.2 mL/kg/min; 95% CI 8.9, 11.0)
(p < 0.005). Having descended eight FOS, the VO2 was
higher when vision was impaired (13.1 ± 4.4 mL/kg/min)
compared with normal vision (9.73 ± 2.9 mL/kg/min)
(p = 0.036). The mean difference was −3.3 ± 4.3 mL/kg/
min (95% CI −6.4, −0.17), representing a mean increase
in VO2 of 34.6%. However, results of repeated measures
ANOVA showed that the changes in parameters at each
FOS with normal or goggle-impaired vision, and during
ascent or descent were not significant.
The level of visual acuity had no influence on VO2
during stair ascent. Similar findings were found for other
variables (Table 3). On stair ascent, heart rate increased
steadily, and after reaching the fourth FOS, heart rate
was maintained at over 65% of predicted maximal heart
rate (Figure 2). Changes in heart rate during stair descent
were not significant.
The difference in total time required for stair climb-
ing between normal vision and impaired vision was not
significant irrespective of stair ascent (p = 0.28) or descent
(p = 0.76).
Discussion
Our study confirmed previous reports indicating that
energy expenditure, in terms of oxygen consumption,
heart rate and respiratory rate, is higher during stair
ascent than descent [13]. This is expected as work is
done in gaining vertical height. To stimulate an aerobic
training response, maintaining an exercise heart rate at
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Figure 1. Mean oxygen consumption during stair ascent and descent, with normal and impaired vision.
Table 2. Demographic data of subjects (n = 10)
Mean ± standard
deviation
Age (yr) 20.98 ± 0.66
Weight (kg) 54.80 ± 7.97
Height (m) 1.67 ± 0.074
Normal speed during stair 2.11 ± 0.82
ascent (steps/sec)
Normal speed during stair 2.26 ± 0.67
descent (steps/sec)
Resting heart rate (beats/min) 91.55 ± 12.42
Resting respiratory rate 21.47 ± 4.81
(breaths/min)
Resting oxygen consumption 5.46 ± 1.76
(mL/kg/min)
Tidal volume (mL) 557.0 ± 160.9
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70% of maximal heart rate is necessary [12]. The
increase in cardiovascular work in our study was more
acute during the first four FOS, reaching 65% of the
subjects’ predicted maximal heart rate. This suggests
that to achieve a positive exercise training effect in
healthy volunteers using stair exercise, climbing of at
least four FOS is necessary; and to improve or maintain
maximal oxygen consumption, climbing of at least five
and a half FOS is necessary.
Visual information is essential for maintenance of
body balance and for detecting and avoiding environ-
mental hazards, especially by the elderly [14]. When
visual information is withdrawn, people become more
cautious when stepping down, so as to “feel” their way
to the floor [7]. Our study demonstrated that when
descending stairs with impaired vision, oxygen con-
sumption increased by 35%. We hypothesize that this
increased energy expenditure was due to increased
kinaesthetic input when descending to maintain bal-
ance and security, as compensation for reduced sensory
information as a consequence of impaired vision.
An increase in VO2 of 35% during stair descent
should not be physically demanding for our young
healthy cohort, but in the frail elderly population, and
particularly in elderly patients with chronic respiratory
disease who may suffer shortness of breath at rest, any
increase in VO2 may prevent exercise and encourage a
sedentary lifestyle. Our study would suggest that stair
lighting that is inadequate and thereby increases the
sensory deprivation associated with impaired vision,
would also result in a significantly increased VO2 in the
visually impaired elderly population.
This study showed that there was no difference in
oxygen consumption between normal and impaired
vision during stair ascent. We speculate that this is
because stair ascent is associated with greater security
and less kinaesthetic demands than stair descent.
Study limitations
To confirm a direct relationship between increased 
oxygen consumption and increased lower limb kinaes-
thetic input during stair descent requires measurement
of simultaneous changes in muscle power. This was
beyond the scope of this pilot study. Our findings suggest
that future studies should consider simultaneous meas-
urement of muscle activity and oxygen consumption
Table 3. Change in variables after eight flights of stairs (FOS), ascent and descent*
Ascent of 8 FOS Descent of 8 FOS
Variable Baseline vision
Normal Impaired Normal Impaired
O2 consumption (mL/kg/min) 5.46 ± 1.76 29.66 ± 3.74 27.82 ± 5.43 9.73 ± 2.86† 13.10 ± 4.44†
Heart rate (beats/min) 91.55 ± 12.42 150.40 ± 15.60 147.60 ± 17.13 99.10 ± 11.92 105.70 ± 18.52
Respiratory rate (breaths/min) 21.47 ± 4.81 32.97 ± 8.86 35.68 ± 13.01 27.23 ± 5.15 28.53 ± 5.04
Tidal volume (mL) 557.0 ± 160.9 1,464.0±193.8 1,228.0 ± 361.0 691.0 ± 106.8 769.0 ± 184.9
*Data are presented as mean ± standard deviation; †p < 0.05, normal vs. impaired vision.
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Figure 2. Heart rate changes during stair ascent and descent, with normal and impaired vision. % Pred HRmax =
percentage of predicted maximal heart rate.
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during stair descent, in a population with compromised
cardiopulmonary health.
For safety reasons, subjects were allowed to rest their
hand on the railing during stair ascent and descent.
Although only a light touch rather than gripping of the
rail was encouraged, this might have provided significant
support to our young and healthy subjects. Disallowing
handrail support may have resulted in more dramatic
differences in energy consumption during stair descent,
but for practical purposes, handrails are usually available
and people, especially the elderly, are encouraged to
use them.
A major limitation of this study is the small sample
size. While this pilot study suggests that there is a differ-
ence in oxygen consumption between normal and 
impaired vision on stair descent, our sample representa-
tion is not sufficiently convincing. A larger sample size
may demonstrate a significant difference in oxygen con-
sumption between subjects with normal and impaired
vision, with fewer FOS and, perhaps, even on ascent.
Conclusion
This study confirmed that oxygen consumption was
higher during stair ascent when compared to stair
descent. Oxygen consumption was higher during des-
cent with impaired vision compared to descent with
normal vision. Visual acuity had no influence on oxygen
consumption during stair ascent. Further investigation
with a larger sample size and a cohort of patients with
cardiopulmonary compromise is warranted.
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